Abstract Perinatal depression is a prevalent and detrimental condition. Determining modifiable factors associated with it would identify opportunities for prevention. This paper: 1) identifies depressive symptom trajectories and heterogeneity in those trajectories during pregnancy through the first-year postpartum, and 2) examines the association between unintended pregnancy and depressive symptoms. Depressive symptoms (BDI-II) were collected from low-income Hispanic immigrants (n=215) five times from early pregnancy to 12-months postpartum. The sample was at high-risk for perinatal depression and recruited from two prenatal care settings. Growth mixture modeling (GMM) was used to identify distinct trajectories of depressive symptoms over the perinatal period. Multinomial logistic regression was then conducted to examine the association between unintended pregnancy (reported at baseline) and the depression trajectory patterns. Three distinct trajectory patterns of depressive symptoms were identified: high during pregnancy, but low postpartum ("Pregnancy High": 9.8%); borderline during pregnancy, with a postpartum increase ("Postpartum High": 10.2%); and low throughout pregnancy and postpartum ("Perinatal Low": 80.0%). Unintended pregnancy was not associated with the "Pregnancy High" pattern, but was associated with a marginally significant nearly four fold increase in risk of the "Postpartum High" pattern in depressive symptoms (RRR=3.95, p<0.10). Family planning is a potential strategy for the prevention of postpartum depression. Women who report unintended pregnancies during prenatal care must be educated of their increased risk, even if they do not exhibit antenatal depressive symptoms. Routine depression screening should occur postpartum, and referral to culturally appropriate treatment should follow positive screening results.
health problems experienced by new mothers, with a 10-15% prevalence (Gavin et al. 2005; O'Hara and Swain 1996) . There are several known risk factors for perinatal and postpartum depression, including a prior history of psychopathology, stressful life events, poor social support, low relationship quality, and pregnancy/obstetric complications (Cooper and Murray 1998; O'Hara 1997) . Prevalence is estimated to be higher among low-income women (Bennett et al. 2004; Hobfoll et al. 1995; Holzman et al. 2006 ). The literature is mixed regarding ethnic disparities in postpartum depression between Hispanic and non-Hispanic white women, with some studies finding lower perinatal depression prevalence among Hispanics (Segre et al. 2006) , others finding higher depressive symptoms among Hispanics (Howell et al. 2005; Rich-Edwards et al. 2006) , and still other studies finding no differences by ethnicity (Yonkers et al. 2001) .
There is considerable heterogeneity in the onset (prenatal or postpartum) and duration of perinatal depression, which has implications for preventive and treatment interventions as well as when and who should screen women (Henshaw and Elliott 2005; Yonkers et al. 2001) . Longitudinal studies during the perinatal period are important for examining these differences and informing decisions about when screening and interventions would be most effective and for which groups of women. Interventions for the prevention (versus screening and treatment) of perinatal depression have been the topic of recent studies (Austin 2003; Lara et al. 2010; Le et al. 2011; Zlotnick et al. 2006) . The identification of modifiable risk factors (such as pregnancy intention) that precede and are associated with perinatal depression would offer another possible entry point for prevention.
Unintended Pregnancy
Population-based surveys, such as the National Survey of Family Growth, routinely measure pregnancy intention, operationalized as whether a woman wanted to get pregnant at the time of conception (intended), later (mistimed) or not at all (unwanted) . A pregnancy is conventionally defined as unintended if the woman reports it was either mistimed or unwanted. Nearly half of all pregnancies in the U.S. are unintended, with the highest rates among young women, unmarried women, cohabiting women, lower income women, less educated women, and Black and Hispanic women (Finer and Henshaw 2006) . Unintended pregnancy rates among poor Hispanic women are more than three times higher than the national average (Finer and Henshaw 2006) .
Unintended pregnancy has been associated with perinatal depression in cross-sectional studies (Barber et al. 1999; Lau and Keung 2007; Nakku et al. 2006; Orr and Miller 1997) , but no known longitudinal studies exist in which temporality can be determined (i.e., Does unintended pregnancy lead to perinatal depression, or are depressed women more likely to have an unintended pregnancy?). There are plausible hypotheses for the association in both directions. In the first case, an unintended pregnancy could lead to depression via the stress associated with the unexpectedness of the situation, deciding whether to terminate the pregnancy and determining how a child will fit into a life context of a woman who was, by definition, not prepared for a child, for situational, emotional, and/or financial reasons. On the other hand, it is possible the association occurs in the other direction, where a woman who is already depressed is more likely to experience an unintended pregnancy, likely mediated by birth control use behaviors. It is plausible that depressed women are less likely to be able to maintain a consistent birth control method, for example, forgetting to take a daily pill, being unable to make and attend monthly appointments for birth control injections, or lacking the self-efficacy to negotiate condom use at each sex episode. Establishing directionality and causality of this association would require data on pregnancy intention and repeated measures of depressive symptoms beginning prior to the pregnancy and continuing through the postpartum period.
Whether depression is a precursor to or an outcome of unintended pregnancy is important knowledge for clinicians and public health professionals in terms of designing prevention strategies. If depression is a precursor to unintended pregnancy, it implies a need for identifying depressed women prior to pregnancy during routine gynecological care; these women could be offered contraceptive counseling that stresses the impact of mental health on family planning, contraceptive use and other health behaviors. If depression is a consequence of unintended pregnancy, it implies a need for mental health screening and counseling of women presenting in prenatal care with unintended pregnancies and an increased emphasis on family planning as a strategy to prevent perinatal depression.
In the absence of data on depression pre-conception, growth mixture modeling (GMM) is a useful method for examining the heterogeneity of perinatal depression, as it can identify different longitudinal trajectory patterns (e.g., increasing, decreasing, consistently high or low) of a repeated measure (in this case depressive symptom levels; Muthen 2004) . GMM can also be used to identify significant predictors and outcomes of a particular trajectory pattern. If women with unintended pregnancies demonstrate a stronger increase in depressive symptoms over the course of the perinatal period, relative to those with intended pregnancies, this would provide some evidence for the depression-asconsequence hypothesis. However, if women with unintended pregnancies demonstrate chronically high or decreasing depression, relative to women with intended pregnancies, there is no support for that hypothesis. Therefore, the aims of this paper are: 1) to determine depressive symptom trajectories and heterogeneity in these trajectories during pregnancy through the first-year postpartum, and 2) to examine the association between unintended pregnancy and depressive symptoms. We take advantage of an existing sample of Hispanic immigrant women at higher risk for perinatal depression so that there would be sufficient women with elevated depressive symptoms to identify different trajectories and their association with pregnancy intendedness.
Methods

Sample
This secondary analysis uses data from Mamás y Bebés: Proyecto del Estado de Ánimo y la Salud/Mothers and Babies: Mood and Health Project, a randomized controlled trial of a preventive intervention for perinatal depression (Le et al. 2011) . The study was approved by the George Washington University IRB and women provided informed consent prior to randomization. At baseline, a total of 217 low-income pregnant Hispanic women were enrolled in the prevention trial and randomized to either usual prenatal care or prenatal care plus an 8-week cognitive behavioral therapy class to prevent perinatal depression. Participants were recruited from two prenatal care clinics serving lowincome clients in an urban setting. Women were eligible for enrollment if they were 18-35 years old, Hispanic, no more illicit drugs. Additionally, they were excluded and referred for treatment if they met clinical criteria for major depression or other major mental disorders, and/or had other significant psychosocial problems (e.g., homelessness). While it is important to study the differences in depressive symptoms between U.S.-and foreign-born Hispanics, the parent sample included only two U.S.-born women, making analyses by immigrant status impossible. The two U.S.-born women were excluded from this analysis to create a more culturally homogenous sample of immigrants.
Data on participants' mental health were gathered at two time points in pregnancy (pre and post intervention; mean=18 and 28 weeks gestation) and three follow-ups at 6 weeks, 4 months, and 12 months postpartum. Depressive symptoms differed significantly between the intervention and control groups only at time 2, the post-intervention time point, but no other times at follow-up (Le et al. 2011) .
For this secondary analysis, intervention and control groups were analyzed together; however, to ensure that the current analysis is not affected by the use of intervention data, randomization status was controlled for in all multivariate models. The present secondary data analysis was approved by the Johns Hopkins School of Public Health IRB and includes only foreign-born participants (n=215).
Measures
Dependent Variable At each of the five study visits over the perinatal period, participants were screened for depressive symptoms using the Spanish-language Beck Depression Inventory-II (BDI-II; Beck et al. 1996a ), a 21-item self-report instrument that measures severity of depressive symptoms during the prior 2 weeks. Scores greater than 13 are considered to be 'depressive' (14-19: mild, 20-28 moderate, 29-63: severe symptoms; Beck et al. 1996b ). However, because the BDI-II includes questions about somatic symptoms that are normally seen in pregnant women (e.g., loss of energy, changes in appetite, tiredness), researchers recommend increasing this cut-off to 16 when measuring depressive symptoms in pregnancy (Holcomb et al. 1996; Salamero et al. 1994) . We follow that recommendation here. The BDI-II, like its precursor the BDI, is a widely used measure in community and ethnically diverse samples, including Hispanic samples, with good psychometric properties (Beck et al. 1988; Bonicatto et al. 1998; Penley et al. 2003; Wiebe and Penley 2005) .
Independent Variable Pregnancy intention was measured at baseline (≤24 weeks gestation; mean=18 weeks gestation) using a question derived from the National Survey of Family Growth: "In regard to your pregnancy, which of the following would you say? I was trying to get pregnant, I wanted to get pregnant but not at the present time, or I did not want to get pregnant" (translated from Spanish). The response categories correspond to the typically defined categories of intended, mistimed, and unwanted pregnancy, respectively. Descriptive statistics are presented by these three response options. However, to maximize statistical power in the analyses presented here, mistimed and unwanted pregnancies were collapsed into a single unintended category, as is commonly done (Santelli et al. 2003) .
Covariates: Demographic and social characteristics measured at baseline and adjusted for in multivariate models were chosen based on associations identified in prior literature. These variables included maternal education, parity, years in the U.S., health insurance status, social support, lifetime history of physical or sexual abuse, and lifetime history of major depression. Social support was measured using a modified version of the Social Support than 24 weeks gestation, and at high risk for major depressive episode in the perinatal period (i.e., CES-D≥16 during pregnancy and/or a history of major depression; Le et al. 2004 ), but not currently depressed. Women were excluded if they reported smoking, drinking alcohol or using
Analysis
Analysis occurred in two stages. First, we used GMM to identify distinct patterns ("latent classes") in depressive symptom trajectories during the perinatal period. GMM was fitted with Mplus version 5.2 software (Muthen and Muthen 2007) . Models with one to five classes were tested, and the most appropriate model was selected based on the lowest information criteria (BIC and ABIC), a high entropy (close to 1.0), a statistically significant bootstrapped likelihood ratio test, and no classes consisting of less than 5% of the sample (Muthen 2004) . Model fit statistics indicated that a quadratic model was more appropriate than a linear model and thus all models were fitted with a quadratic term for time. Once the final GMM was fitted, each individual participant was assigned to the depression class that their unique symptom trajectory had the highest probability of matching.
In the second stage of analysis, multinomial logistic regressions were performed using depression class as a categorical outcome variable and unintended pregnancy as the primary independent variable of interest. Three models were run, where model 1 was an unadjusted analysis, model 2 controlled for demographic variables (maternal education, parity, years in the U.S., and health insurance status as a proxy for socioeconomic status), and model 3 controlled for demographics plus psychosocial factors (social support, history of depression, and history of physical and/or sexual abuse). Covariates were identified a priori based on previous research on depression and unintended pregnancy, as discussed in the introduction. Where there were sets of potential confounders that were highly correlated (e.g., parity and maternal age; marital/partner status and social support), only one variable was included in the model. Models 2 and 3 also controlled for randomization to the intervention that was a part of the parent study.
Results
The sample consisted of 215 young (M=25.4 years, SD=4.6), recent immigrant women (M=4.1 years in the U. S., SD=4.3), predominantly from Central America (54.9% from El Salvador, 22.8% other Central American). Most were married (16.7%) or cohabiting with an unmarried partner (47.4%) and had little formal education (M=8.9 years, SD=4.1). For 41.4%, this was a first pregnancy and for just over a quarter (26.5%), it was a third or higher order pregnancy. Two-thirds (66.4%) of the sample reported having health insurance: most commonly D.C. Health Care Alliance, a public means-tested insurance program for Washington, D.C. residents. Two-thirds of women reported that their current pregnancy was unintended (37% mistimed and 28% unwanted). Table 1 depicts these demographic characteristics by pregnancy intendedness. Mean depressive symptom scores at each of the five data collection points were below the risk cutoff and showed a decreasing trend over the course of the perinatal period; Fig. 1 shows the overall mean depressive symptom scores by reported pregnancy intention.
GMM identified three distinct depressive symptom trajectory patterns (Table 2) . Individuals were generally very well classified into these groups, with half of women having a greater than 99% posterior probability of being in the class they were assigned to (median=0.99; M=0.94, SD=0.12). Based on the level and timing of depressive symptoms, the three classes were labeled: "Pregnancy High" depression (9.8%), "Postpartum High" depression (10.2%) and "Perinatal Low" depression (80.0%). Mean values of the BDI-II for each group at each time point are graphed in Fig. 2 . In the "Pregnancy High" group, BDI-II scores were high at the two prenatal visits, but postpartum they dropped dramatically to a mean below the risk cut-off. The "Postpartum High" group showed prenatal BDI-II means near the risk cut-off, with a marked increase in symptoms at 6-weeks and 4-months postpartum. By 12-months postpartum, their symptoms returned to levels near the risk cut-off. Mean BDI-II levels for individuals in the "Perinatal Low" depression group never exceeded the risk cut-off during pregnancy and postpartum. Table 3 shows how the sample demographic characteristics differ by depression class. Women in the "Perinatal Low" depressive symptom class were significantly more likely to have an intended pregnancy, more likely to have health insurance, and more likely to be married, compared to women in the "Pregnancy High" and "Postpartum High" depressive symptom groups. Non-significant trends also imply that the "Perinatal Low" group may be more recent immigrants and less likely to have experienced abuse or a previous depressive episode, compared to the other two groups. 292 Prev Sci (2011) 12:289-299 Apgar (SSA; Norwood 1996), which was developed specifically for use during pregnancy. This scale assesses social support along various domains (adaptation, partnership, growth, affection, resolve) and providers (baby's father, mother, father, other family, friends, others). Scores are summed, with greater scores indicating more social support. Internal reliability was high in three psychometric studies (Cronbach's α's ranged from 0.88 to 0.93), and social support was shown to be negatively associated with life stress (Norwood 1996) . In the present sample, internal reliability of the SSA was similarly high (Cronbach's α=0.94). Because social support was highly correlated with marital/partner status, marital status was excluded from the multivariate models. Over two-thirds of the sample was either married or cohabiting with a partner. Table 4 displays the results from the three multinomial logistic regression models, comparing the risk of being in the "Pregnancy High" and "Postpartum High" depression trajectories versus the "Perinatal Low" depressive trajectory as a function of pregnancy intendedness. In none of the models was unintended pregnancy associated with the "Pregnancy High" pattern (top portion of Table 4 ). However, the risk of "Postpartum High" depressive symptoms was almost four fold higher among women with an unintended pregnancy than among those with an intended pregnancy in the unadjusted model (RRR=3.79, p<0.05; bottom portion of Table 4 , Model 1). Only 4% of women with intended pregnancies followed the "Postpartum High" depressive symptom trajectory, compared to 14% of women with unintended pregnancies (not shown). Once adjusted for demographic factors (Model 2), women who report unintended pregnancies were over five times more likely to follow the "Postpartum High" depression pattern (RRR=5.22, p<0.05), compared to women with an intended pregnancy. With the final adjustment for psychosocial factors (social support, history of depression and history of abuse; Model 3), the risk ratio remained large, but was only marginally statistically significant (RRR=3.95, p<0.10).
Discussion
This analysis used a novel analytical technique to explore the heterogeneity of depressive symptoms in the perinatal period among a low-income, high-risk sample of Hispanic immigrants, providing evidence of three distinct patterns of perinatal depressive symptoms: "Pregnancy High" (9.8%), "Postpartum High" (10.2%), and "Perinatal Low" (80.0%). These classifications are similar to the results from the only other known GMM analysis of perinatal depression, which utilized a multiracial, low-income, urban sample (Mora et al. 2009 ). Mora et al. detected five distinct classes of depression from pregnancy to 24-months postpartum: chronic depression (7%), antenatal depression only (6%), postpartum depression only (9%), late-onset depression (at 24 months; 7%), and never depressed (71%). If one examines only the first 12-months postpartum and reclassifies Mora et al.'s late onset depression (at 24 months) as never depressed in the perinatal period (first 12 months), then the prevalence of their antenatal depression (6%), postpartum depression (9%), and never/late (78%) depressed classes are remarkably similar to our "Pregnancy High" (9.8%), "Postpartum High" (10.2%), and "Perinatal Low" (80%) classes, respectively. However, in spite of the highrisk status of this sample, the present analysis did not detect a chronic depression class during the first-year postpartum. This may be because women who were diagnosed with clinical depression at baseline were excluded from the study and referred to treatment. Longer-term follow-up data were not collected on these subjects, so we could not assess the emergence of a late-onset depression class. Our findings also fit within the current epidemiological understanding of perinatal depression. Evidence from metaanalyses estimates the postpartum depression prevalence to be 10%-15%, with a best guess of 13% in the general population (Gavin et al. 2005; O'Hara and Swain 1996) . This figure is drawn from studies that use clinical diagnoses of depression. In this analysis, we used mean BDI-II trends to identify distinct depression classes, rather than clinically diagnosing individual patients; however, our estimates of postpartum depression "prevalence" (10.2% fall into the "Postpartum High" class) are relatively similar to the * t-test p<0.05
Prenatal Postpartum 6 wks 4 mos 12 mos * Note: horizontal dashed lines represent the recommended risk cutoffs for the BDI-II in pregnant and non-pregnant populations. epidemiological findings from clinical studies and metaanalyses. The figure of 10.2% provides some evidence that the GMM classifications are meaningful, yet it should not be used as a clinical depression prevalence estimate for this population. Logistic regression models demonstrated that unintended pregnancy was not associated with depressive symptoms that are high only during pregnancy; however, it led to a marginally significant three-to four-fold increase in postpartum high depressive symptoms, compared to women who reported intended pregnancies. These analyses lend support to the hypothesis that unintended pregnancy leads to perinatal depression, rather than depression preceding the unintended pregnancy as potentially mediated by inconsistent contraceptive use. Previous research has demonstrated a cross-sectional association between unintended pregnancy and perinatal depression, but temporality cannot be established from cross-sectional studies (Barber et al. 1999; Lau and Keung 2007; Nakku et al. 2006; Orr and Miller 1997) . One other known study has attempted to determine the temporal relationship between unintended pregnancy and postpartum depression (Najman et al. 1991) . The cohort study of over 8,000 pregnant women in Brisbane, Australia found that women who reported unintended pregnancies at baseline had greater than double the risk of depression at 6-months postpartum (adj. RR=2.4, 95% CI: 1.5, 3.9), a result similar to ours. However, in a secondary analysis of that study that excluded women who had mental health problems at baseline (n unspecified), the adjusted relative risk of depression was no longer statistically significant (adj. RR=1.6, CI: 0.8, 3.2), suggesting that depression may precede unintended pregnancy. In our study, all of the women were at high risk for depression (but not depressed) at baseline, with either high depressive symptoms and/or a history of major depression.
Fig. 1 Mean depressive symptoms by pregnancy intention
The vulnerability-stress model of psychosocial risk (Zubin and Spring 1977) gives theoretical grounding to the evidence that unintended pregnancy increases women's risk of perinatal depression. This model is not a new way of conceptualizing mental health risk; however, it was recently outlined as a useful framework in postpartum depression (Bernazzani et al. 2005) . This model identifies three domains of risk and protection that affect either environmental or psychological vulnerability for depression: stressful life events, social support and maternal feelings/ adaptation. All three domains are potentially affected by an unintended pregnancy. Pregnancy itself can be considered a stressful life event and unintended pregnancy even more so. By definition, an unintended pregnancy is unexpected. It raises significant questions of whether or not to terminate the pregnancy and/or requires planning and preparation for the baby's birth. Additionally, the unintended pregnancy may have occurred as the result of a stressful period that led the woman or couple to be inconsistent with contraceptive use.
Social support and relationship factors may be affected by an unintended pregnancy if the woman's feelings about the pregnancy differ from her partner's, family's, or friends' feelings. In many cases the pregnancy may be intended by one member of a couple and unintended by the other. This discordance may cause disagreements about whether or not to continue the pregnancy, or arguments about finances or other aspects related to having a(nother) child. Maternal feelings, attitudes toward the pregnancy and transition to motherhood may also differ by pregnancy intention. A woman who is planning to and wants to become pregnant may have more positive and/or less ambivalent feelings about the pregnancy and be quicker to adapt to a new social role than a woman with an unintended pregnancy.
Hispanic immigrant women may experience unique stressors when faced with an unintended pregnancy. Qualitative interviews with participants of this study and other recent Hispanic immigrants highlight some of these unique stressors (Christensen 2010) . Many Hispanic immigrants (both women and men) come to the U.S. to work and send money to family in their home countries. Becoming unexpectedly pregnant, especially shortly after immigration, is likely to hinder these goals. For a majority of lowincome Hispanic immigrants, abortion is not a culturally acceptable option. It is difficult to continue working, especially low-wage, service sector jobs, through pregnancy and after childbirth. There are limited affordable childcare options and many immigrant women do not have access to an informal childcare network of family and neighbors that likely would be available to them in their home countries. As such, an unintended pregnancy can upend a woman's goals she had for herself upon immigration.
Knowing that unintended pregnancy is a precursor to many cases of perinatal depression provides another opportunity for interventions to prevent depression. Those concerned with maternal mental health should look further upstream to the context of the pregnancy and whether it was planned, mistimed, or unwanted. In addition, prevention programs designed to modify cognitive patterns with cognitive behavioral therapy, for example, might be best targeted to groups of pregnant women who are already at increased risk for depression, such as those who report unintended pregnancies. This study is limited in its generalizability. The unique sample consisted of low-income Hispanic immigrants who were at increased risk of perinatal depression. The patterns of perinatal depression and their association with unintended pregnancy may not be replicated in lower-risk populations or in other racial/ethnic populations. The measures of depression in this study are self-reported depressive symptoms, rather than clinical diagnoses. In addition, GMM shows only the mean trends, and individuals vary in how closely they follow the trend. It is important to remember that there is individual variability within each depression class, which means, for example, that some women assigned to the "Perinatal Low" depressive symptom class may have actually exhibited depressive symptoms that cross the risk threshold at one time point or another. By assigning women to one and only one depression class, we do not capture this variability in our regression models; however, as mentioned in the results section, our GMM model classified women very well. This paper also presents many strengths, including that pregnancy intendedness was measured early in pregnancy to limit recall bias, and depressive symptoms were measured at five points across pregnancy and the postpartum period. This allows some establishment of temporal relationships. In addition, although the high-risk, convenience sample limits generalizability, Hispanic immigrant women are a growing demographic that is at increased risk for unintended pregnancy and possibly for perinatal depression, and should be considered a priority study population. Establishing the temporal relationship between unintended pregnancy and perinatal depression has important clinical and public health implications for communication messaging and the timing of and responsibility for depression screening. Because this analysis was conducted with a sample of high-risk Hispanic immigrants, more research must be done to determine if these associations are similar in other populations of women. If current findings are replicated, prenatal care providers should inform women who report unintended pregnancy of their increased risk of postpartum depression and provide them with information on the symptoms and treatment options, even if they demonstrate no or low depressive symptoms prenatally. Additionally, health care providers who interact with postpartum women (including their own primary care providers and their children's pediatricians) should be prepared to offer the proper mental health referrals to women who demonstrate need and if possible, screen new mothers for depression in the months following birth.
